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INTRODUCTION

Early in 1982, it became evident that loessial material
obtained from projects in the North Loup Division
was being contaminated by drilling fluid and was con-
solidating during the sampling process. Samples
were obtained using the Pitcher sampler, which re-
quires the use of drilling fluid. Following a brief, un-
documented investigation of push-tube sampling
techniques by USBR (Bureau of Reclamation) per-
sonnel, 5-inch (13-cm) diameter push-tube sampling
in the dry was initiated, and samples obtained for dry
unit weight testing were limited to a maximum length
of 1.6 feet (0.5 m) in an attempt to recover high-
quality samples. Five-inch (13-cm) diameter samples
were needed to provide three specimens for triaxial
shear testing and 4%-inch (10.8-cm) diameter one-
dimensional consolidation specimens. In addition to
more representative testing conditions, the larger
samples were required to minimize sample disturb-
ance, which is critical in preserving the loose in situ
structure of loessial soil.

As the North Loup Division investigations program
continued, samples were sent to the Engineering and

Research Center geotechnical laboratory for testing
and radiographic (x-ray) examinations. Radiographs
of the push-tube samples showed patterns of con-
cave fracturing, perpendicular to the direction of
push, in several of the loessial soil samples. Many of
the concave fractures penetrated the entire sample
cross section. This indicated that substantial dis-
turbance was occurring during the push-tube sam-
pling process. Figure 1 photographs show sample
disturbance caused by the push-tube sampling pro-
cess. Further analysis of 5-inch {13-cm) push-tube
sampling techniques showed that sample recovery
{ratio of length of recovered sample to length of push,
expressed as a percent) was often low (90 percent
or less), although it did not appear that any portion
of the soil fell out of the tube into the drill hole. This
indicated that the soil compacted during sampling.
In addition, there appeared to be some sloughing of
the drill hole side walls. Because of these factors, the
amount of compaction could not be determined and,
therefore, the inplace dry unit weights obtained from
B-inch (13-cm) push-tube samples were not consid-
ered representative of in situ soil conditions. “*Un-
disturbed’” specimens for laboratory testing could
not be obtained from the push-tube samples. Ac-

Figure 1. — Radiographic (x-ray) photographs showing disturbance of push-tube samples.

P-801-D-81147



curate inplace unit weights were required for slope
stability analyses and for structural settlement and
foundation design analyses for canal structures. Ac-
curate inplace unit weights were also required for
determining the collapse potential of the material,
which for loess is a function of dry unit weight and
liquid limit [1].*

Because of the difficulty encountered in sampling
loessial material, it became necessary to investigate
other sampling techniques to find a more reliable
method. In May 1984, an investigation program was
developed for the North Loup Division to evaluate
sampling techniques in loessial soil. The program
was initiated by personnel from the Grand Island, Ne-
braska Projects Office and from the Divisions of Ge-
ology, Dam and Waterway Design, Construction, and
Research and Laboratory Services at the Engineering
and Research Center in Denver [2].

CONCLUSIONS AND
RECOMMENDATIONS

1. In most cases, inplace dry unit weights obtained
from hollow-stem auger samples were reason-
ably close to values obtained by the sand-cone
method. Sample recovery was consistently high,
and sample quality was good when the hollow-
stem auger was used for sampling.

2. In-place dry unit weights obtained from 5-inch
(13-cm) push-tube samples were consistently
higher [up to 20 Ibf/ft? (320 kg/m?)] than values
obtained by the sand-cone test. Low recovery
and extensive sample disturbance were fre-
quently encountered in the 5-inch (13-cm) push-
tube samples. In addition, there appeared to be
some sloughing of the drill hole side walls. For
these reasons, there is no method to determine
the amount of compaction that occurs during the
push-tube sampling process. Therefore, the
change in dry unit weight caused by compaction
cannot be determined. Consequently, the dry unit
weights obtained from push-tube samples may
not be representative of actual inplace soil con-
ditions. These samples are generally very dis-
turbed; and if other laboratory tests are
performed on the material as sampled, the results
may be inaccurate.

3. Inplace dry unit weights obtained by the surface
nuclear gauge were frequently lower than those
obtained by the sand-cone method; however,
wet unit weights obtained by the surface nuclear

*Numbers in brackets refer to entries in the bibliography.

gauge were reasonably close to the wet unit
weight values obtained by the sand-cone
method. This indicates that a field correction for
moisture content is necessary when using the
surface nuclear gauge to provide acceptable in-
place dry unit weight data.

4. In most cases, inplace dry unit weight determi-

nations made on block samples correlated closely
with data obtained by the sand-cone method.

5. The gamma-gamma density tool generally pro-

vided higher wet unit weights than the sand-cone
and the nuclear gauge; however, the gamma-
gamma density tool frequently indicated the
zones of low unit weight material determined by
sand-cone and nuclear gauge testing.

6. Current USBR practice in loessial soil requires that

soil samples be obtained either as block samples
from test pits or with the 6%-inch (15.9-cm) i.d.
hollow-stem auger system to ensure that the ac-
tual inplace soil conditions are represented by the
samples. Because of the loose structure of loes-
sial soil, samples obtained by the hollow-stem
auger for unit weight and laboratory testing
should be limited to a maximum length of 1.5 feet
(0.5 m} to minimize sample disturbance. Addi-
tional studies may indicate that longer undis-
turbed samples can be obtained with the hollow-
stem auger for laboratory testing.

7. Additional studies should be initiated to develop

an economical liner meeting necessary tolerances
for sampling with the 6%-inch (15.9-cm) i.d.
hollow-stem auger system. PVC (polyvinyl chio-
ride) pipe sections were used in this investigation
program; however, substantial variation in the i.d.
of the pipe made it difficult to obtain a proper fit
with the sampler bit.

PRACTICAL APPLICATIONS

The loose structure of loessial soil makes it difficult
to obtain undisturbed samples for inplace unit weight
determinations and laboratory testing. Dry sampling
is necessary for loess, because drilling fluid can pen-
etrate the sample, weakening the soil structure, and
pressure applied during wet drilling can consolidate
the sample. Good quality samples can be obtained
from test pits; however, when samples are required
at depths greater than practical for test pit excava-
tion, different sampling methods are required. The
hollow-stem auger system with liners provides a
practical and economical method for obtaining good
quality loess samples for unit weight determinations
and laboratory testing.



NORTH LOUP DIVISION

The North Loup Division is a USBR project currently
under construction for the Twin Loups Irrigation and
Reclamation Districts in central Nebraska. The North
Loup Division is a multipurpose project (fig. 2) that
provides irrigation, ground-water recharge, water
quality improvement, flood control, and recreation.
The main purpose of the project is irrigation. When
construction is completed, two dams will store
136,000 acre-feet (1.68x 108 m3) of water, which wiill
be available to irrigate 53,000 acres (21,448 ha);
162 miles (261 km) of canals with capacities from
12 to 720 ft3/s (0.3 to 20.4 m3/s) will be used for
water delivery. Canals having capacities greater than
50 ft3/s (1.4 m3/s) are constructed as open ditches,
and those smaller are constructed as buried pipe-
lines. In the North Luup Division, the thickness of the
loess ranges from a few feet to more than 100 feet
(30 m), and the average thickness is 40 to 50 feet
(12 to 15 m).

GEOLOGIC AND ENGINEERING
PROPERTIES

The North Loup Division lies in the heart of the Great
Plains. This area is typified by ten to several hundred
feet of unconsolidated Pleistocene deposits overly-
ing horizontally bedded Tertiary and Cretaceous sed-
iments. Surficial Pleistocene deposits include silty
sands of the Sand Hills of west-central Nebraska,
silts and sands of the river valleys, Aeolian silts of
southern and eastern Nebraska, and glacial tills found
in portiorts of eastern Nebraska. Canals and laterals
are located within the rolling loessial hills of central
Nebraska, but approximately 20 miles (32 km) to the
northwest, these loessial hills change to the Sand
Hills of west-central Nebraska.

Glacial ice sheets are not recognized as having ad-
vanced into this area of central Nebraska; however,
their influence was recorded by alternating periods
of stream downcuttings associated with glacial ad-
vances and related lowered ocean levels, by valley
fillings during glacial meltbacks, and by sediment-
laden streams that moved back and forth across
wide expanses of the area in Pleistocene times. Flood
plains of these interglacial streams are considered
the sediment sources of loessial deposits.

Several recognized loesses occur in Nebraska. Peo-
rian loess has widespread occurrence in the upper
stratum and, consequently, is the material most fre-
quently encountered during USBR construction. Peo-
rian loess was the subject of research and testing in
the monograph by Gibbs and Holland [1]. Other
loesses are older and have very limited surface ex-
posures in Nebraska; they are generally lean clays

that have undergone loading and consolidation and,
thus, have engineering characteristics different from
those of Peorian loess.

Peorian loess was deposited during the middle Wis-
consin period of the Pleistocene epoch. Loess is con-
sidered to be the product of glacial-related abrasion,
which produced the rock-powder silt deposited along
flood plains of rivers. This silt was subsequently
transported and redeposited by wind action. Peorian
loess is a buff-colored, uniformly sorted mixture
composed predominantly of quartz grains in the size
of silt and fine sand. Most of these grains are coated
with very thin films of clay. This clay is generally
montmorillonite that forms intergranular supports or
braces within the structure. Calcite usually occurs in
loess as distinct silt-sized grains in a finely dispersed
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coatings and, to a lesser extent, calcite apparently
bond particles together. Upon wetting, this bond
weakens causing loss of strength.

According to the Earth Manual [3], the loess en-
countered during construction of the North Loup Di-
vision was a clayey to silty loess containing less than
5 percent sand (usually 1 to 3 percent) and 18 to 24
percent 0.005-mm or smaller sized material. Ac-
cording to ASTM D 2487-85 [4], this loess is classi-
fied as silt (ML), silty clay (CL-ML) or, occasionally,
lean clay (CL). The loess had a PI (plasticity index)
that normally fell in the 6- to 11-percent range with
an LL (liquid limit) range from 22 to 31 percent. The
undisturbed dry unit weights of the loess ranged from
the low 70's to low 90’s Ibf/ft* (1100 to 1400
kg/m3), normally between 77.and 87 Ibf/ft® (1233
and 1394 kg/m3). The maximum unit weight of the
material normally ranged from 99 to 104 Ibf/ft?
(1586 to 1666 kg/m?3), with an optimum moisture
content of 19 to 20 percent. The field moisture con-
tent of the loess was highly variable and dependent
on the depth of sampling, type of vegetative cover,
and climatic conditions.

DISCUSSION

Two locations were selected for sampling along the
alignment for Mirdan Canal, and two locations at
Davis Creek damsite (fig. 2). The investigation pro-
gram consisted of continuous sampling with a 6%-
inch (15.9-cm) i.d. hollow-stem auger system and
continuous sampling with 5-inch (13-cm) i.d. push
tubes in adjacent offset drill holes [b, 6]. Inplace
moisture content and dry unit weight determinations
were made on samples obtained by both drilling
methods. Samples were recovered from approxi-
mately the same depth intervals in adjacent drill
holes. Sample recovery was calculated for all sam-
ples. A gamma-gamma downhole density logging
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tool was also used in each drill hole [7]. Following
completion of the geophysical logging, test pits were
excavated at all four locations [8]. Locations of the
eight drill holes and four test pits are shown on figure
2. Geologic logs for these locations are included in
appendix A. Moisture content and dry unit weight
determinations were made at frequent intervals in all
test pits using both the “‘Field Density Test — Sand
Cone’" [3] and- a. surface nuclear moisture-density

49 1to 51 feet (14.9 10 15.5m)

gauge. Block samples were also obtained at frequent
depth intervals from each test pit for laboratory dry
unit weight determinations by the mass in air — mass
in water method.

Figure 3 shows a plan and profile view of a typical
test pit in relation to the drill holes. The unit weights
determined from the sand-cone test were used as
the standard for evaluating the results of the other

AT

36 to4| feet (1.0 tol12.5m)

ab-

PLAN

19 to 25 feet (581t07.6 m

Approx. |.5feet (Q0.5m)

LEGEND:
A - Push Tube
B~ Hollow-Stem Auger
Gamma ~-Gamma Borehole
Density Testing performed
in both holes

SECTION A-A

Figure 3. — Plan and profile of typical test pit.



methods investigated. This report discusses the re-
sults of the investigation program.

All laboratory and field tests were performed in ac-
cordance with procedures described in the Earth
Manual [3], or in accordance with approved USBR
test procedures. ‘

Data acquisition was accomplished by personnel
from several USBR offices. A drill crew from the
Lower Missouri Region performed drilling operations
with both a hollow-stem auger sampler and a push-
tube sampler. Unit weight determinations were made
on all samples. Test pits were excavated by a private
party under contract to the Lower Missouri Region.
Sand-cone testing in the test pits was performed by
Grand Island Projects Office personnel. in addition,
surface nuclear gauge and gamma-gamma borehole
unit weight determinations were made by Engineer-
ing and Research Center personnel. To verify mois-
ture content values obtained by the surface nuclear
gauge, Mirdan Canal laboratory personnel performed
independent moisture determinations. Unit weight
and moisture content determinations were per-
formed on several block samples.

Undisturbed Sampling

Hollow-Stem Auger System. — Sampling was per-
formed using a CME-55 drill rig and a 10%-inch {27-
cm) o.d. flight auger with a 6%-inch (15.9-cm) i.d.
hollow stem, one of the few such samplers available.
A photograph of the drilling equipment in operation
is shown on figure 4. A sketch of the hollow-stem
auger system is shown on figure 5. During drilling
operations, samples may be recovered using a core
barrel sampler with or without liners; however, when
samples are required for unit weight determinations,
liners must be used. Sections of 5-inch (13-cm) i.d.
PVC pipe, cut to appropriate lengths to fit the inside
of the hollow-stem auger, were used as liners. A
photograph of a liner made from PVC pipe is shown
on figure 6.

Continuous hollow-stem auger sampling was per-
formed in four holes (DDR-69 and -68, and DH-1072
and -1919). Moisture content and dry unit weight
were determined for all samples, and sample recov-
ery was computed. Sample recovery was consist-
ently high in all samples from all four holes (see tables
1 through 4). A photograph of a typical soil sample
obtained using the hollow-stem auger sampling
method is shown on figure 7. Results of moisture
content and dry unit weight determinations on sam-
ples obtained from all four auger holes are summa-
rized in tables 1 through 4. Plots showing inplace dry
unit weight versus depth are shown on figure 8.

Figure 4. — Hollow-stem auger system. A 10%-inch
(27-cm) o.d. flight auger with 6 %-inch {15.9-cm)
i.d. hollow stem. P-801-D-81148

Initially, sampling with the hollow-stem auger system
proceeded slowly, but as the drill crew became fa-
miliar with the equipment, the sampling process be-
came quite efficient.

One problem encountered with this sampling method
was that the i.d. of the PVC pipe (liner) was slightly
larger than the i.d. of the sampler bit. During the in-
vestigation program, the bit diameter was modified
several times; however, the i.d. of the PVC pipe var-
ied enough so it was virtually impossible to consist-
ently match bit diameter to pipe diameter. An
unsuccessful attempt was also made to use 5-inch
{13-cm) i.d. clear acrylic tubing so the core could be
visually examined before extruding the sample. How-
ever, because the 0.d. of the clear acrylic tubing was
smaller than the i.d. of the core barrel sampler, the
tubing moved to one side of the core barrel. Sample
disturbance was then observed on one side of the
sample in the clear acrylic liner. Because the PVC pipe
fit more tightly in the barrel than the clear acrylic liner,
this type of disturbance did not appear to be a prob-
lem with the PVC liners. Sampling then continued
with PVC pipe as liners. Radiographic examinations
of samples obtained using PVC pipe as a liner indi-
cated minimal disturbance (i.e., no concave frac-
tures). Further investigations are required to develop
an economical liner meeting necessary tolerances for
sampling with the 6%-inch (15.9-cm) i.d. hollow-
stem auger.

Push Tubes. — Following completion of each hole
drilled with the hollow-stem auger system, an adja-
cent hole (offset several feet) was drilled using 5-inch
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(13-cm) i.d. push tubes and a Failing 15008 drill rig.
Photographs of the drilling equipment are shown on
figures 9 and 10.

Continuous sampling was performed throughout the
depth of all four push-tube holes (DDR-68A and -69A
and DH-1919A and -1072A), and push-tube samples
were taken at approximately the same depth inter-
vals sampled with the hollow-stem auger system.

Moisture content and dry unit weight were deter-
mined on all samples obtained. Sample recovery was
computed for all samples.

Sample disturbance was observed, and sample re-
covery was consistently low (see tables 1 through
4). Radiographic examination of several push-tube
samples indicated that substantial disturbance oc-
curred during the sampling process. Figure 11 is a



photograph of concave fracturing of a loessial soil
sample obtained with the push tube. This type of
fracturing is frequently encountered in loessial soil
samples when push tubes are used for sampling. At
the discretion of the driller, the penetration rate of
the push-tube sampler was greatly reduced during a
portion of this investigation program in an attempt
to improve sample quality and recovery. Even at
slower penetration rates, sample disturbance was
observed and sample recovery was low.

The results of moisture content and dry unit weight
determinations made on samples from all four push-

Figure 6. — Liner made from cut section of 5-inch (13-cm) i.d.
PVC pipe. P-801-D-81149

tube holes are summarized in tables 1 through 4.
Plots showing dry unit weight versus depth are
shown on figure 8.

Geophysical Borehole Unit Weight Logging

After completion of the sampling with the hollow-
stem auger and push tubes, seven of the eight drill
holes were geophysically logged. Drill hole DDR-69A
caved in before geophysical logging could be per-
formed. A brief explanation of the borehole unit
weight logging technique provided by the Geophys-
ics Section is included in appendix B.

inplace wet unit weights were determined at frequent
depth intervals. These resuits are summarized in ta-
bles 5 through 8 and on plots of inplace wet unit
weight versus depth (fig. 12). Because only wet unit
weight determinations can be obtained by geophys-
ical borehole logging, these results are compared
only with the wet unit weights obtained by other
sampling and testing methods.

Inplace Unit Weight Testing

Test Pits. — Four test pits (TP-1 through -4) were
excavated using an Insley H-600 backhoe. Total
depths of the test pits ranged between approxi-
mately 19 and 25 feet (6 and 8 m). The test pits
were excavated to full depth in an arc around the drill
holes. Locations of the test pits in relation to the drill
holes are shown on the geologic logs (app. A).
Benches were excavated down one slope of each
test pit at approximately 1.5-foot (0.5-m) depth in-
tervals for field unit weight (sand-cone) testing, sur-
face nuclear moisture-density gauge testing, and

Figure 7. — Typical soil sample obtained using the hollow-stem auger.
P-801-D-81150
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Figure 8. — Inplace dry unit weight versus depth.

block sampling. Figure 3 is a sketch and figure 13 is
a photograph of an excavated test pit. Inplace mois-
ture content and dry unit weight determinations were
made on each bench by the sand-cone method and
by nuclear gauge. Block samples were also obtained
at frequent depth intervals in all test pits for labo-
ratory moisture content and dry unit weight deter-
minations by the mass in air—mass in water method.

Surface Nuclear Gauge. — Nuclear gauge moisture
content and unit weight tests were performed on
each bench in all four test pits at approximately 1.5-
foot (0.5-m) depth intervals. A Troxler 3411B single-
probe nuclear gauge was used for testing (fig. 14).
The gauge was adjusted once at each test pit to
correct for sidewall proximity effects. Three 1-minute
counts were taken at each location. The three read-
ings were averaged to obtain the final reading. Re-
sults of nuclear gauge testing are summarized
in tables 1 through 4 and on the plots shown on
figure 8.

Because the moisture content is a factor in obtaining
correct inplace dry unit weights, ovendried moisture
content values were used. When possible, moisture
content determinations from the sand-cone test
were used; however, in several instances, separate
moisture content determinations were required be-

cause of the length of time between nuclear gauge
and sand-cone testing. Moisture contents cf oven-
dried specimens and the wet unit weight values ob-
tained by the nuclear gauge were then used to
calculate inplace dry unit weights for the nuclear
gauge. These results are summarized in tables 9
through 12 and on figure 15.

Inplace wet unit weights obtained by the nuclear
gauge were also compared with wet unit weights
obtained by the sand-cone and gamma-gamma den-
sity tool testing. These results are summarized in
tables 5 through 8 and plotted on figure 12.

Field Unit Weight (Sand-Cone) Tests. — A sand-
cone test was performed on each bench in all test
pits following the test with the surface nuclear gauge.
Results from the sand-cone tests are summarized in
tables 1 through 4 and on the plots shown on figure
8. The sand-cone test was used as the standard, and
data from all other test methods were compared with
results from the sand-cone test.

Block Samples. — Small block samples having an
approximate average volume of 0.14 ft3 (4000 cm?3)
were obtained from benches at frequent depth in-
tervals in every test pit. The block samples were



Figure 9. — Failing 15008 drill rig used for push-tube sampling.
P-801-D-81151

Figure 11. — Concave fracturing of loessial soil sample caused
by push-tube sampling. P-801-D-81153

waxed at the site and then transported to the labo-
ratory for moisture content and dry unit weight de-
terminations by the mass in air-mass in water
method. These test results are summarized in tables
1 through 4 and on the plots shown on figure 8.
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Figure 10. — Closeup of Failing 1500S drill rig during push-tube
sampling. P-801-D-81152

RESULTS OF SAMPLING
INVESTIGATION

Inplace Dry Unit Weight Versus Depth

Tables 1 through 4 and figures 8 through 11 sum-
marize inplace dry unit weights determined from 5-
inch (13-cm) i.d. push-tube samples, 6 %-inch (15.9-
cm) i.d. hollow-stem auger samples, block samples,
sand-cone testing, and surface nuclear gauge
testing.

Davis Creek Damsite. — Inplace dry unit weights
obtained from TP-1, DH-69, and DH-69A at Davis
Creek damsite produced comparable data for most
sampling intervals for all five methods {(see table 1
and fig. 8). The geologic log at this location indicated
topsoil from the ground surface to a depth of 3.7
feet (1.1 m), valley fill between depths of 3.7 and
14.3 feet (1.1 and 4.4 m), and Peorian loess between
depths of 14.3 and 25.1 feet (4.4 and 7.7 m).

Inplace dry unit weights obtained in Peorian loess
from TP-2, DH-68, and DH-68A at the Davis Creek
damsite show comparable values for four of the five
methods (see table 2 and fig. 8). The 5-inch (13-cm)
diameter push-tube samples generally showed higher
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Figure 12. — Inplace wet unit weight versus depth.

Figure 13. — Typical test pit configuration. P-801-D-81154

inplace dry unit weights than samples obtained by  low for many of the push-tube samples (see table 2),
the other methods. Several of the push-tube samples  indicating that compaction may have caused the in-
showed extensive disturbance when observed vis-  creased unit weight.

ually and examined radiographically. Concave frac-

turing was typically encountered (see the photograph  Mirdan Canal. — Inplace dry unit weights obtained
on fig. 11) in these samples. Sample recovery was  in Peorian loess from TP-3, DH-1919, and DH-1919A

11



Figure 14. — Troxler 3411B nuclear gauge. Used for moisture
and unit weight determinations. P-801-D-81155

(located along the Mirdan Canal alignment) show
comparable values for sand-cone testing, hollow-
stem auger samples, and block samples (see table
3 and fig. 8). Again, samples obtained with the 5-
inch (13-cm) push tubes showed consistently higher
inplace dry unit weights than those obtained by the
sand-cone method. Low sample recovery (see table
3) and extensive sample disturbance were frequently
encountered with the push-tube samples, indicating
compaction during the sampling process. At this lo-
cation, inplace dry unit weights obtained by the sur-
face nuclear gauge were lower than those obtained
by the sand-cone method; however, wet unit weights
obtained by the surface nuclear gauge were com-
parable with those obtained by the sand-cone
method (fig. 8). This indicates that a field correction
for moisture content is necessary when using the
surface nuclear gauge.

Inplace dry unit weights obtained from TP-4, DH-
1072, and DH-1072A (also located in Peorian loess
along the Mirdan Canal alignment) show comparable
values for sand-cone testing, hollow-stem auger
samples, and block samples (see table 4 and fig. 8).
Again, samples obtained with the 5-inch (13-cm)
push tubes were disturbed and the sample recovery
was low (see table 4). Consistently higher inplace dry
unit weights were obtained from the 5-inch (13-cm)
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push-tube samples than from the other methods, in-
dicating compaction during the sampling process. In-
place dry unit weights obtained from the surface
nuclear gauge were again consistently lower than
those obtained by the sand-cone method; however,
the wet unit weights were comparable with those
obtained by the sand-cone method (fig. 8). This in-
dicates that a field correction for moisture content is
necessary when using the surface nuclear gauge.

When comparing results of inplace dry unit weight
versus depth at all four locations (fig. 8), results gen-
erally indicate that the inplace dry unit weights ob-
tained by the sand-cone method, and from the
hollow-stem auger, and block samples are compa-
rable. Inplace dry unit weights obtained from the 5-
inch (13-cm) push-tube samples were consistently
higher [up to 20 Ib/ft® (320 kg/m?3)] than values ob-
tained by the sand-cone method. Low recovery (ta-
bles 1 through 4) and extensive sample disturbance
were frequently encountered in the 5-inch (13-cm)
push-tube samples, indicating compaction during the
sampling process. Because the amount of compac-
tion that occurred during the push-tube sampling pro-
cess was unknown, the change in the unit weight
values caused by the compaction also could not be
determined. Therefore, dry unit weight values ob-
tained from push-tube samples may not be repre-
sentative of in situ soil conditions. In most cases,
inplace dry unit weights determined from hollow-
stem auger samples were reasonably close to values
obtained by the sand-cone method. Sample recovery
was high (tables 1 through 4), and quality was good
when the hollow-stem auger was used.

Plots showing inplace dry unit weights determined
from hollow-stem auger and push-tube samples ver-
sus inplace dry unit weights obtained by the sand-
cone method are shown on figures 16 and 17. Unit
weights determined from samples of valley fill and
Peorian loess are plotted separately.

Inplace dry unit weights obtained by the surface nu-
clear gauge were frequently lower than values ob-
tained by the sand-cone method; however, inplace
wet unit weights obtained by the surface nuclear
gauge were reasonably close to inplace wet unit
weight values obtained by the sand-cone method.
This indicates that a field correction for moisture con-
tent is necessary when using the surface nuclear
gauge. As part of this investigation program, mois-
ture content samples were obtained for ovendrying
at all locations where the surface nuclear gauge was
used. Ovendried moisture contents and inplace wet
unit weights obtained from the nuclear gauge were
used to compute inplace dry unit weights determined
by the nuclear gauge and are summarized on the plots
shown on figure 16. These inplace dry unit weight
values were generally comparable with those ob-
tained by the sand-cone method.
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SUMMARY

An investigation program to evaluate methods of
determining inplace dry unit weight in loessial soil
was developed and initiated by personnel from
the Kansas-Nebraska Projects Office and from the
Divisions of Geology, Dam and Waterway Design,
Construction, and Research and Laboratory Ser-
vices at the Engineering and Research Center in
Denver.

2. Two locations at the Davis Creek damsite and two

locations along the Mirdan Canal alignment were
selected for testing. The investigation program
involved continuous sampling with a 6%-inch
(15.9-cm) i.d. hollow-stem auger sampler and
continuous sampling with a 5-inch (13-cm) push-
tube sampler. Inplace dry unit weight and mois-
ture content were determined on samples ob-
tained by both drilling methods at approximately
the same depth intervals. Recovery was com-
puted for all samples. A gamma-gamma down-
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hole density tool was then used in each drill hole.
Following completion of the geophysical down-
hole unit weight testing, test pits were excavated
at all four sites. Sand-cone and surface nuclear
gauge tests were made at frequent intervals in all
test pits. Block samples were also obtained at
frequent intervals in each test pit.

3. The sand-cone method was used as the standard

for evaluating all inplace dry unit weight test data.
Data from this investigation program provide
trends produced by each sampling and testing
method. There is some variation in the location
and depth intervals of the samples tested.
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Tabite 1. — Summary of inplace moisture and unit weight values (TP-1, DDR-69, DDR-69A).

Project: Pick-Sloan Missouri Basin Program Feature: Davis Creek Dam Conversions: 1 foot = 0.3048 meter, 1 Ibf/ft* - 16.018 46 kg/m?

L1

Test pit TP-1 Drill hole DDR-69 D_rill hole DDR-69A
Identification Sand cone Nuclear gauge Block Hollow-stem auger Push tube
Geol. Proj- Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry
for- ect Avg. unit ture unit unit ture unit unit ture unit unit ture unit Sample unit ture unit Sample
mation, test  depth, Depth, wt, content, wt, wt, content, wt, wt, content, wt, wt, content, wt, recovery, wt, content, wt, recovery,
ft No. ft ft Ibf/ft3 % Ibf/ft>  Ibf/ft? % Ibf/ft?  ibf/fe? ibf/ft>  Ibf/fe? % Ibf/fe3 % Ibf/ft3 % Ibf/ft? %
1.2 0419 1112 250 89.0 100
Topsoil 26 1934 111.0 233 90.1 100 118.0 241 95.1 73
0.0-3.7 1-16 26 2131 1144 253 913 1124 36.1 826 1055 233 864
* 42 3449 106.7 216 87.7 100 109.7 208 908 100
1-15 43 3848 979 215 806 106.3 31.0 812 1091 207 904
57 4965 96.7 23.2 78.5 100
59 4969 100.8 221 82.6 100
1-14 5.6 5.1-6.1 99.8 21.2 823 1001 225 81.7
7.2 6.5-8.0 976 226 79.6 100
1-13 7.3 6.8-78 96.1 209 795 986 241 795 10317 202 858
Valley fill 7.7 6.9-8.5 99.9 279 78.1 98
1-12 9.0 8.5-95 989 224 808 1000 195 837 999 244 80.3 100 994 255 79.2 90
10.2 95-11.0 101.1 234 819 100
104 9.7-11.0 96.5 20.1 80.3 100
1-11 104 9.9-109 878 235 71.t 1015 210 838 1003 217 824
116 11.2-123 102.3 203 85.0 100 994 176 845 100
1-10 119 11.0-123 979 237 791 1056 199 88.1
129 12.3-13.6 106.8 17.9 905 100 1039 171 887 100
v 1-9 134 129-139 1050 227 856 1071 237 866 1071 232 869
14.3 14.2 13.5-14.8 109.4 179 928 100
t 143 13.5-15.1 1095 175 93.2 100
1-8 148 14.3-15.3 1000 208 828 1095 195 91.6
15.4 14.8-159 1074 19.0 90.3 96
15.8 15.1-16.6 1121 183 94.8 100
1-7 16.3 15.8-16.8 1114 217 915 1126 221 8922 1138 211 94.0
16.4 15.9-16.9 1050 179 891 68
176 16.6-18.5 105.2 165 90.3 100
1-6 17.8 17.3-18.3 1095 215 90.2 111.3 224 910
18.6 17.6-19.5 108.8 18.1 92.1 100
19.2 18.5-20.0 103.7 16.2 893 100
1-6 19.2 18.7-19.7 103.3 20.1 86.0 1034 246 83.1 1080 19.2 906
Peorian 20.2 19.5-21.0 1023 170 874 97
loess 20.8 20.0-21.5 102.8 100 )
1-4 21.0 20.5-21.5 1000 194 838 1034 229 842
21.8 21.0-225 10156 17.2 86.6 80
22.5 21.5-235 10565 184 89.1 100
1-1 223 218228 975 187 822 986 240 795
1-2 238 233243 987 205 819 1013 229 824
245 23.7-253 106.3 17.9 89.3 100
1-3 25.2 24.7-257 994 207 823 990 266 782
26.0 25.3-26.6 1049 18.1 88.8 100
27.4 26.6-28.1 1055 179 89.5 100
28.9 28.1-29.7 106.1 18.0 899 100
305 29.7-31.1 1059 16.6 90.8 100
34.2 33.4-35.0 111.8 8.8 1028 91
| 36.0 35.0-37.0 1167 106 10486 100
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Table 2. - Summary of inplace moisture and unit weight values (TP-2, DDR-68, DDR-68A).

Project: Pick-Sloan Missouri Basin Program

Feature: Davis Creek Dam

Conversions: 1 foot = 0.3048 meter, 1 Ibf/ft> = 16.018 46 kg/m?

Test pit TP-2 Drilt hole DDR-68 Drill hole DDR-68A
Identification Sand cone Nuclear gauge Block Hollow-stem auger Push tube
Geol. Proj- Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry
for- ect Avg. unit ture unit unit ture unit unit ture unit unit ture unit Sample unit ture unit Sample
mation, ~ test  depth, Depth, wt, content, wt, wt, content, wt, wt, content, wt, wt, content, wt, recovery, wt, content, Wwt, recovery,
ft No. ft ft Ibf/ft % bf/ft?  Ibf/fe? % Ibf/ft?  Ibf/f3 % Iof/ft®  lbf/fe3 Ibf/ft3 % Ibf/ft3 % bf/f? %
Topsoil
0.0-04 2.6 1.9-34 97.3 2041 81.0 100 100.3 188 844 73
1 2-16 25 2030 990 222 810 1009 226 823 999 223 817
2-15 39 3444 970 209 802 965 202 803 977 196 816 100 995 204 826 100
52 4459 1014 193 850 100 1096 193 918 83
2-14 54 4959 974 203 809 955 201 796 930 200 775
66 5974 100.6 180 85.2 100 102.7 178 87.2 100
2-13 69 6474 907 190 762 928 198 775
78 7.4-8.1 . * *
2-12 86 8.1-91 941 17.6 80.1 95.3 189 80.2 983 200 819
86 8.1-92 100.1 16.6 858 100 98.2 165 843 95
10.0 9.2-10.7 101.2 170 864 100 98.0 173 835 97
2-11 10.1 96-106 956 171 81.6 96.7 19.2 811 .
11.4 10.7-121 99.2 169 8438 100 98.1 16.1 844 100
2-10 115 110120 964 183 815 963 17.7 818
Peorian 126 12.1-13.2 988 173 84.2 100 1000 165 858 55
loess 2-9 131 12.6-13.6 1026 215 844 1025 254 817 1013 185 855 :
13.8 13.2-143 999 170 854 100 1036 160 893 100
27 146 14.1-151 973 175 828 976 181 826 988 173 842
150 14.3-15.8 1006 17.0 86.0 100 1065 169 911 77
2-6 16.1 15.6-166 950 18.6 801 96.6 253 771
16.6 15.8-17.3 103.8 18.2 878 100 1117 16.7 956 77
2-5 176 17.1-18.1 992 218 815 1038 31.2 791
178 17.3-18.3 949 171 81.8 100 1119 172 955 85
18.8 18.3-19.4 990 193 83.0 100 108.1 16.7 927 90
2-8 19.2 18.7-19.7 1076 236 871 1063 325 802
20.1 194-208 100.2 17.2 855 100 1100 164 944 69
2-4 206 20.1-211 999 176 849 994 273 781 994 183 84.0
21.6 20.8-22.3 98.4 161 84.7 100 114.1 165 979 83
2-3 220 215-225 998 177 848 97.0 251 77.5
! 228 223-233 938 179 796 100 1104 175 940 90

* Sample too small to provide representative unit weight.
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Table 3. — Summary of inplace moisture and unit weight values (TP-3, DH-1919, DH-1919A).

Project: Pick-Sloan Missouri Basin Program Feature: Mirdan Canal Conversions: 1 foot = 0.3048 meter, 1 Ibf/ft = 16.018 46 kg/m?
Test pit TP-3 Drill hole DH-1919 Drill hole DH-1919A
Identification Sand cone Nuclear gauge Block Hollow-stem auger Push tube
Geol. Proj- Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry
for- ect Avg. unit ture unit unit ture unit unit ture unit unit ture unit Sample unit ture unit Sample
mation, test depth, Depth, wt, content, wt, wt, content, wt, wt, content, wit, wt, content, wt, recovery, wt, content, Wwt, recovery,
ft No. ft ft Ibf/ft® % Ibf/ft>  Ibf/f13 % Ibf/ft®  Ibf/fe % bf/ft*  Ibf/ft? % Ibf/ft3 % Ibf/f12 % bf/ft? %
Topsoil
0.0-0.8 3-16 25 2030 98.2 221 804 1009 306 773
3.1 2438 96.6 204 80.3 100 1129 195 945 72
3-15 4.1 3646 98.2 176 835 1009 285 786
44 3850 95.7 208 79.2 78 112.2 19.2 941 74
57 5.064 965 186 814 100 1121 18.1 949 72
3-14 57 5.26.2 965 158 834 96.2 195 794 964 135 849
7.2 6.4-79 96.2 17.2 82.1 100 113.2 18.6 954 136"
Re- 3-13 7.2 6.7-7.7 86.7 131 76.7 899 189 756 924 155 80.0
worked 84 7989 99.1 176 843 100 1119 200 93.2 105"
Peorian 3-12 86 8.1-91 942 174 80.2 98.1 249 785
loess 94 89-100 99.7 17.8 846 100 111.1 197 928 95
3-11  10.1 9.6-10.6 969 190 815 988 263 78.2 98.0 189 824
10.8 10.0-11.5 103.1 187 86.8 100 o**
3-10 11.6 11.1-12.1 103.7 195 86.7 1037 253 827
12.2 11.5-13.0 1056.0 203 873 100 1189 21.7 97.7 90
39 13.1 12.6-13.6 1025 204 852 1033 293 799 103.3 193 86.6
13.4 13.0-13.8 108.3 199 90.4 100 118.6 21.7 97.4 106"
14.0 146 13.8-15.4 1075 204 892 97 1146 208 949 81
3-8 14.7 14.2-15.2 1024 21.2 845 1024 297 789
159 15.4-16.4 106.3 195 88.1 100 123.4 218 101.3 100
3-7 16.2 15.7-16.7 106.8 20.2 889 103.3 28.1 80.7 1044 208 86.4
Peorian 17.2 16.4-179 109.2 20.7 905 100 1186 22.2 970 93
loess 3-6 179 17.4-184 1050 204 87.2 1024 290 793
184 179-18.9 112.2 206 930 100 116.1  21.2 95.8 105"
35 18.8 18.3-19.3 108.0 214 890 1053 286 81.8
19.4 18.9-20.0 108.4 20.7 899 100 1173 217 96.4 100
208 20.0-21.5 1088 215 895 100 1214 220 995 87
22.2 21.5-23.0 1104 225 901 100 1193 226 97.3 100
235 23.0-23.9 1104 210 91.2 100

* Possibly picked up material that caved in from the side of the hole.
** Lost sample down hole.



Table 4. — Summary of inplace moisture and unit weight values (TP-4, DH-1072, DH-1072A).
Conversions: 1 foot = 0.3048 meter, 1 Ibf/ft* = 16.018 46 kg/m?

Project: Pick-Sioan Missouri Basin Program Feature: Mirdan Canal

474

Test pit TP-4 Drili hole DH-1072 Drill hole DH-1072A
Identification Sand cone Nuclear gauge Block Hollow-stem auger Push tube
Geol. Proj- Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry Wet Mois- Dry
for- ect Avg. unit ture unit unit ture unit unit ture unit unit ture unit Sample unit ture unit Sample
mation, test  depth, Depth, wt, content, wt, wt, content, wt, wt, content, wt, wt, content, Wwt, recovery, Wwt, content, Wwt, recovery,
ft No. ft ft Ibf/ft3 % Ibf/f?  Ibf/ft % Ibf/ft?  Ibf/ft? % Ibf/f  Ibf/ft? % Ibf/ft % Ibf/f2 % Ibf/f3 %
Topsoil 22 1.5-3.0 941 224 769 100 933 216 76.7 80
0.0-29 4-16 26 2131 95.2 245 765 974 319 738
t 3.8 3.046 929 213 766 100 104.1 206 86.3 75
4-15 40 3545 951 219 780 956 355 705 98.2 21.2 810
54 46-6.1 ) 91.7 193 769 99 1114 200 929 77
4-14 56 5.1-6.1 97.3 211 804 966 310 737 979 203 8t4
66 6.1-7.2 o* 1035 189 871 91
4-13 71 6676 912 210 754 923 274 725
78 7.2-85 96.3 165 827 100 100.3 20.3 834 77
4-12 88 8393 919 193 770 93 213 753 944 180 800
9.0 8595 93.7 150 815 100 1155 186 974 100
10.2 95-11.0 926 148 807 100 105.3 171 89.9 70
417 102 9.7-10.7 932 184 787 884 217 726
11.8 11.0-125 ) 939 140 824 100 1084 16.1 93.4 67
410 11.7 11.2-12.2 95.7 176 815 921 215 758 98.6 168 844
13.0 12.5-13.4 1145 161 98.6 100
49 13.3 12.8-13.8 944 180 800 921 217 757
Peorian 140 13.4-145 948 149 825 100 102.7 156 88.9 91
loess 4-8 148 14.3-15.3 975 185 823 964 210 797 1004 171 85.7
15.2 145-16.0 955 141 83.7 100 1079 147 941 73
4-7 16.2 15.7-16.7 976 181 826 956 203 794
16.8 16.0-17.5 949 144 830 100 1069 145 925 87
4-6 17.7 17.2-18.2 96.0 139 843 937 220 76.7 1033 195 864
18.0 17.5-18.5 o* o*
19.0 18.5-19.6 93.3 148 813 100 1129 146 985 91
4-5 19.3 18.8-198 956 143 836 960 250 768
20.2 19.6-209 113.2 147 98.7 85
204 19.6-21.1 985 145 86.1 100
4-4 204 199-209 942 132 832 945 242 76. 100
21.8 21.1-22.6 983 146 858 100
23.1 22.6-23.6 ) 116"
v 244 23.6-25.1 97.0 152 842 100

* Lost sample down hole.
** Sample disturbed.



Table 6. — Summary of inplace wet unit weight values (TP-1, DDR-69, DDR-69A). Sheet 1 of 2.

Project: Pick-Sloan Missouri Basin Program Conversions: 1 foot = 0.3048 meter, 1ibf/ft? = 16.018 46 kg/m?
Feature: Davis Creek Dam

Wet unit weight values (Ibf/ft3)

Identification TP-1 Drill hole DDR-69 Drill hole DDR-69A
Project Average Hollow-
test depth, Depth, Sand Gamma- stem Gamma- Push
No. ft ft Block cone Nuclear gamma auger gamma* tube
1.2 0.4-1.9 111.2
2.6 1.9-3.4 111.0 118.0
1-16 26 2.1-31 106.5 1144 112.4 ‘
4.2 3.4-49 106.7 109.7
1-15 4.3 3.8-48 109.1 97.9 106.3
4.0 4.0 113.4
45 4.0 106.3
5.7 4.9-6.5 96.7
1-15 59 4.9-6.9 100.8
5.0 5.0 103.3
1-14 5.6 5.1-6.1 99.8 100.1
55 55 102.8
6.0 6.0 102.7
6.5 6.5 102.9
7.2 6.5-8.0 97.6
1-13 7.3 6.8-7.8 103.1 96.1 98.6
7.7 6.9-8.5 99.9
7.0 7.0 96.0
7.5 7.5 90.8
8.0 8.0 84.6
85 85 89.1
1-12 9.0 8.5-9.5 98.9 100.0 99.9 99.4
9.0 8.0 93.7
9.5 9.5 945
10.2 9.5-11.0 101.1
10.4 9.7-11.0 96.5
1-11 10.4 9.9-109 100.3 87.8 101.5
10.0 10.0 96.5
10.5 10.5 102.0
11.0 11.0 104.3
11. 11.0-12.3 102.3 99.4
1-10 1.9 11.4-12.4 97.9 105.6
11.5 11.5 106.1
12.0 12.0 105.8
12.9 12.3-13.5 ; 106.8 103.9
12.5 12.5 106.5
115 11.5 106.1
12.0 12.0 105.8
12.9 12.3-13.5 106.8 103.9
12.5 12.5 106.5
1-9 13.4 12.9-13.9 107.1 105.0 107.1
13.0 111.3
13.5 13.5 . 112.8
14.2 13.5-14.8 109.4
14.3 13.5-15.1 109.5
14.0 14.0 113.3
1-8 14.8 14.3-15.3 100.0 109.5
14.5 14.5 113.6
15.4 14.8-15.9 107.4
15.0 15.0 113.4
15.8 15.1-16.6 1121
15.5 15.5 i 114.2
1-7 16.3 15.8-16.8 113.8 114 112.6
16.4 15.9-16.9 ' 105.0
16.0 16.0 114.2
16.5 16.5 113.8
17.6 16.6-18.5 105.2
17.0 170 | ) 113.6
1-6 17.8 17.3-18.3 109.5 11.3
17.5 17.5 1111
18.6 17.6-19.5 . 108.8

* The gamma-gamma density tool was not used because the hole closed up.
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Table 5. — Summary of inplace wet unit weight values (TP-1, DDR-69, DDR-69A). Sheet 2 of 2.

Project: Pick-Sloan Missouri Basin Program Conversions: 1 foot = 0.3048 meter, 1ibf/ft> = 16.018 46 kg/m?
Feature: Davis Creek Dam

Wet unit weight values {Ibf/ft3)

Identification TP-1 Drill hole DDR-69 Drill hole DDR-69A
Project  Average Hollow-
test depth, Depth, Sand Gamma- stem Gamma- Push
No. ft ft Block cone Nuclear gamma auger gamma* tube
18.0 18.0 109.0
18.5 18.5 110.0
19.2 18.5-20.0 103.7
1-5 18.2 18.7-19.7 108.0 103.3 103.4
19.0 19.0 110.1
19.56 19.5 109.7
20.2 19.6-21.0 102.3
20.0 20.0 108.8
20.8 20.0-21.5 102.8
20.5 20.5 107.9
1-4 21.0 20.5-21.56 100.0 103.4
21.0 21.0 107.9
21.8 21.0-22.5 101.5
215 215 107.3
225 21.5-235 105.5
1-1 223 21.8-22.8 97.5 98.6
1-2 23.8 23.3-24.3 98.7 101.3
245 23.7-26.3 105.3
1-3 25.2 24.7-25.7 99.4 99.0

* The gamma-gamma density tool was not used because the hole closed up.
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Table 6. — Summary of inplace wet unit weight values (TP-2, DDR-68, DDR-68A).

Project: Pick-Stoan Missouri Basin Program Conversions: 1 foot = 0.3048 meter, 1Ibf/ft> = 16.018 46 kg/m?
Feature: Davis Creek Dam

Wet unit weight values (Ibf/ft3)

Identification TP-2 Drill hole DDR-68 Drill hole DDR-68A
Project Average Hollow-
test depth, Depth, Sand Gamma- stem Gamma- Push
No. ft ft Block cone Nuclear gamma auger gamma tube
2.6 1.9-34 97.3 100.3
2-16 2.5 2.0-3.0 99.9 99.0 100.9
2-15 39 3.4-44 97.0 96.5 97.7 99.5
4.0 4.0 98.0
5.2 4.459 101.4 109.6
4.5 45 99.1
2-14 5.4 4959 93.0 97.4 95.5
5.0 5.0 99.4 91.3
5.5 5.5 98.8 92.3
6.6 59-74 100.6 102.7
6.0 6.0 99.3 943
2-13 6.9 6.4-7.4 90.7 92.8
6.5 6.5 100.3 93.8
7.0 7.0 101.2 88.4
75 75 101.4 93.7
8.0 8.0 103.0 100.3
2-12 8.6 8.1-8.1 98.3 94.1 95.3
8.6 8.1-9.2 100.1 98.2
85 8.5 102.9 102.2
9.0 9.0 103.6 105.4
10.0 9.2-10.7 101.2 98.0
9.5 95 103.3 106.6
2-11 10.1 9.6-10.6 95.6 96.7
10.0 10.0 99.4 106.4
10.5 10.5 99.4 107.1
1.4 10.7-12.1 99.2 98.1
11.0 11.0 98.8 108.0
2-10 115 11.0-12.0 96.4 96.3
11.5 1.5 98.3 106.8
12.0 12.0 98.1 105.8
12.6 12.1-13.2 98.8 100.0
12.5 12.5 99.9 104.9
2-9 13.1 12.6-13.6 101.3 102.6 102.5
13.0 13.0 100.4
13.8 13.2-14.3 99.9 103.6
13.5 13.5 100.8
14.0 14.0 100.6
2-7 14.6 14.1-15.1 98.8 97.3 97.6 )
15.1 14.3-15.8 100.6 106.5
14.5 14.5 102.0
15.0 15.0 102.1
15.5 15.5 101.1
2-6 16.1 15.6-16.6 95.0 96.6
16.6 15.8-17.3 103.8 111.7
16.0 16.0 99.2 ’
16.5 16.5 97.7
2-5 17.6 17.1-18.1 99.2 103.8
17.8 17.3-18.3 949 111.9
18.8 18.3-19.4 99.0 108.1
2-8 19.2 18.7-19.7 107.6 106.3
201 19.4-20.8 100.2 110.0
2-4 20.6 20.1-211 99.4 99.9 99.4
21.6 20.8-22.3 98.4 1141
2-3 220 21.5-22.5 99.8 97.0
22.8 22.3-233 93.8 110.4
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Table 7. — Summary of inplace wet unit weight values (TP-3, DH-1919, DH-1919A).

Project: Pick-Sloan Missouri Basin Program Conversions: 1 foot = 0.3048 meter, 1Ibf/ft* = 16.018 46 kg/m?
Feature: Mirdan Canal

Wet unit weight values (Ibf/ft3)

Identification TP-3 Drill hole DH-1919 Drill hole DH-1919A
Project  Average Hollow-
test depth, Depth, Sand Gamma- stem Gamma- Push
No. ft ft Block cone Nuclear gamma auger gamma tube
3-16 25 2030 98.2 100.9
3.1 2.4-3.8 96.6 112.9
3-15 4.1 . 3.6-4.6 98.2 100.9
4.4 3.8-5.0 95.7 112.2
45 4.5 102.6
5.0 5.0 100.3 102.3
5.7 5.0-6.4 96.5 1121
3-14 5.7 5.2-6.2 96.4 96.5 95.2
5.5 5.6 101.9 102.7
6.0 6.0 102.1 102.3
7.2 6.4-7.9 96.2 113.2
6.5 6.5 102.4 102.1
3-13 7.2 6.7-7.7 92.4 86.7 89.9
7.0 7.0 101.6 102.0
7.5 75 101.5 99.4
8.4 7.9-8.9 99.1 111.9
8.0 8.0 102.1 100.8
3-12 8.6 8.1-9.1 94.2 98.1
8.5 8.5 102.2 105.5
9.4 8.9-10.0 99.7 1111
9.0 9.0 102.3 105.7
9.5 95 102.6 106.1
3-11 10.1 9.6-10.6 98.0 96.9 98.8
10.0 10.0 103.1 107.0
10.8 10.6-H1.5 103.1
10.5 10.5 104.2 106.5
11.0 11.0 105.8 107.56
3-10 11.6 11.1-12.1 103.7 103.7
11.5 11.5 107.4 109.2
12.2 11.5-13.0 105.0 118.9
12.0 12.0 107.7 106.4
12.5 125 108.1 106.4
3-9 13.1 12.6-13.6 103.3 102.5 103.3
13.0 13.0 108.0 108.0
13.4 13.0-13.8 108.3 118.6
135 13.5 107.1 109.5
14.6 13.8-15.4 107.5 114.6
14.0 14.0 v 107.4 109.7
3-8 14.7 14.2-15.2 102.4 102.4
14.5 14.5 107.4 111.6
15.0 15.0 107.2 104.6
15.9 15.4-16.4 105.3 123.4
15.5 15.5 107.0 106.3
3-7 16.2 15.7-16.7 104.4 106.8 103.3
160 16.0 106.4 112.1
17.2 16.4-17.9 109.2 118.6
16.5 16.5 105.9 112.8
3-6 17.9 17.4-184 106.0 102.4
18.4 17.9-18.9 112.2 116.1
3-5 18.8 18.3-19.3 108.0 105.3
19.4 18.9-20.0 108.4 117.3
20.8 20.0-21.5 108.8 121.4
22.2 21.5-23.0 110.4 119.3
23.4 23.0-23.9 110.4
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Table 8. — Summary of inplace wet unit weight values (TP-4, DH-1072, DH-1072A).

Project: Pick-Sloan Missouri Basin Program Conversions: 1 foot = 0.3048 meter, 1Ibf/ft* = 16.018 46 kg/m?
Feature: Mirdan Canal

Wet unit weight values (Ibf/ft3)

ldentification TP-4 Drill hole DH-1072 Drill hole DH-1072A
Project  Average Hollow-
test depth, Depth, Sand Gamma- stem Gamma- Push
No. ft ft Block cone Nuclear gamma auger gamma tube
2.3 1.5-3.0 94.1 93.3
4-16 2.6 2.1-3.1 95.2 97.4
3.8 3.0-46 92.9 104.1
4-15 4.0 3.5-45 98.2 95.1 95.6
45 4.5 99.9
5.4 4.6-6.1 91.7 111.4
5.0 5.0 103.4 95.7 ‘
4-14 5.6 5.1-6.1 97.9 97.3 96.6
55 5.6 102.0 91.2
6.0 6.0 102.1 93.0
6.6 6.1-7.2 103.6
6.5 6.5 103.3 97.3
4-13 71 6.6-7.6 91.2 92.3
7.0 7.0 103.9 93.7
7.8 7.2-85 96.3 100.3
7.5 7.5 102.3 105.7
8.0 8.0 103.2 104.5
4-12 8.8 8.3-9.3 94.4 91.9 91.3
8.5 8.5 103.6 103.3
9.0 8.5-9.5 93.7 115.5
9.0 9.0 102.1 102.8
9.5 9.5 102.2 103.7
10.2 9.5-11.0 92.6 105.3
4-11 10.2 9.7-10.7 93.2 88.4
10.0 10.0 102.4 106.0
10.5 10.5 103.1 106.4
1.0 1.0 104.0 106.9
11.8 11.0-12.5 93.9 108.4
4-10 11.7 11.2-12.2 98.6 95.7 92.1
11.5 1.5 104.0 107.2
12.0 12.0 103.8 106.9
12.5 12.5 100.5 1071
13.0 12.5-13.4 114.5
4-9 13.3 12.8-13.8 94.4 92.1
13.0 13.0 97.8 107.8
14.0 13.4-145 94.8 102.7
13.5 135 99.9 107.9
14.0 14.0 103.0 1079
4-8 14.8 14.3-15.3 100.4 97.5 96.4
14.5 14.5 103.2 108.0
15.2 14.5-16.0 955 107.9
15.0 15.0 102.7 107.9
15.5 15.56 101.1 108.0
4-7 16.2 15.7-16.7 97.6 95.6
16.0 16.0 100.7 108.4
16.8 16.0-17.5 949 105.9
16.5 16.5 97.5 107.5
17.0 17.0 107.2
4-6 17.7 17.2-18.2 103.3 96.0 93.7
17.5 17.5 107.5
18.0 18.0 107.6
18.5 18.5 106.4
19.0 18.5-19.6 93.3 112.9
4-5 19.3 18.8-19.8 95.6 96.0
20.2 19.6-20.9 113.2
20.4° 19.6-21.1 98.5
4-4 20.4 19.9-20.9 94.2 94.5
21.8 21.1-22.6 98.3
24.4 23.6-25.1 97.0
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Table 9. — Summary of nuclear gauge data*® (TP-1).

Project: Pick-Sloan Missouri Basin Program

Identification

Feature: Davis Creek Dam

Nuclear gauge Ovendried Dry unit weight
Project Average wet unit moisture using ovendried

test depth, Depth, weight, content, moisture content,
No. ft ft Ibf/ft? % Ibf/ft3
1-16 26 2.1-3.1 112.4 253 89.7
1-15 43 3.8-4.8 106.3 216 87.5

1-14 5.6 5.1-6.1 100.1 21.2 82.6
1-13 7.3 6.8-7.8 98.6 209 81.6

1-12 9.0 8.5-9.5 100.0 22.4 81.7

1-11 10.4 9.9-10.9 101.5 235 82.2

1-10 1.9 11.4-12.4 105.6 23.7 85.4

1-9 13.4 12.9-13.9 1071 22.7 87.3

1-8 14.8 14.3-15.3 109.5 20.8 90.6

1-7 16.3 15.8-16.8 112.6 21.7 92.5

1-6 17.8 17.3-18.3 111.3 215 91.6

1-5 19.2 18.7-19.7 103.4 20.1 86.1

1-4 21.0 20.5-215 103.4 19.4 86.6

1-1 22.3 21.8-22.8 98.6 18.7 83.1

1-2 23.8 23.3-24.3 101.3 20.5 84.1

1-3 25.2 24.7-25.7 99.0 20.7 82.0

* Dry unit weight values are calculated from ovendried moisture data.

Table 10. ~ Summary of nuclear gauge data* (TP-2).

Project: Pick-Sloan Missouri Basin Program

Feature: Davis Creek Dam

|dentification Nuclear gauge Ovendried Dry unit weight
Project Average wet unit moisture using ovendried
test depth, Depth, weight, content, moisture content,
No. ft ft Ibf/ft3 % Ibf/ft3
2-16 25 2.0-3.0 100.9 22.2 82.6
2-15 3.9 3.4-44 96.5 209 79.8
2-14 5.4 4959 95.5 20.3 79.4
2-13 6.9 6.4-7.4 92.8 19.0 78.0
2-12 8.6 8.1-9.1 85.3 17.6 81.0
2-1 10.1 9.6-10.6 96.7 17.1 82.6
2-10 11.5 11.0-12.0 96.3 18.3 81.4
2-9 13.1 12.6-13.6 102.5 215 84.4
2-7 14.6 14.1-16.1 97.6 17.5 83.1
2-6 16.1 15.6-16.6 96.6 18.6 81.5
2-5 17.6 17.1-18.1 103.8 21.8 85.2
2-8 19.2 18.7-19.7 106.3 23.6 86.0
2-4 20.6 20.1-211 99.4 17.6 84.5
2-3 22.0 21.5-22.5 97.0 17.7 82.4
* Dry unit weight values are calculated from ovendried moisture data.
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Table 11. — Summary of nuclear gauge data® (TP-3).

Project: Pick-Sloan Missouri Basin Program

Feature: Mirdan Canal

Identification Nuclear gauge Ovendried Dry unit weight

Project Average wet unit moisture using ovendried

test depth, Depth, weight, content, moisture content,

No. ft ft Ibf/ft3 % Ibf/ft3

3-16 2.5 2.0-3.0 100.9 223 82.5

3-15 4.1 3.6-4.6 100.9 17.9 85.6

3-14 5.7 5.2-6.2 95.2 13.0 84.2

3-13 7.2 6.7-7.7 89.9 13.8 79.0

3-12 8.6 8.1-9.1 98.1 16.4 84.3

3-11 10.1 9.6-10.6 98.8 17.4 84.2

3-10 11.6 11.1-121 103.7 18.0 87.9

39 13.1 12.6-13.6 103.3 18.7 87.0

3-8 14.7 14.2-15.2 102.4 20.3 85.1

3-7 16.2 15.7-16.7 103.3 20.2 85.9

3-6 17.9 17.4-18.4 102.4 20.4 85.0

3-5 18.8 18.3-19.3 105.3 21.4 86.7

Dry unit weight values are calculated from ovendried moisture data.

Table 12. — Summary of nuclear gauge data® (TP-4).

Project: Pick-Sloan Missouri Basin Program

Feature: Mirdan Canal

Identification Nuclear gauge Ovendried Dry unit weight
Project Average wet unit moisture using ovendried
test depth, Depth, weight, content, moisture content,
No. ft ft Ibf/ft3 % Ibf/ft3
4-16 26 2.1-3.1 97.4 23.7 78.7
4-15 4.0 3.5-45 95.6 201 79.6
4-14 5.6 5.1-6.1 96.6 19.8 80.6
4-13 71 6.6-7.6 92.3 18.2 78.1
4-12 8.8 8.3-9.3 91.3 15.3 79.2
4-11 10.2 9.7-10.7 88.4 13.6 77.8
4-10 11.7 11.2-12.2 92.1 14.0 80.8
4-9 13.3 12.8-13.8 92.1 14.0 80.8
4-8 14.8 14.3-15.3 96.4 14.8 84.0
4-7 16.2 16.7-16.7 95.6 13.5 84.2
4-6 17.7 17.2-18.2 93.7 13.9 82.3
4-5 19.3 18.8-19.8 96.0 14.3 84.0
4-4 20.4 19.9-20.9 94.5 13.2 83.5
* Dry unit weight values are calculated from ovendried moisture data.
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APPENDIX A
GEOLOGIC LOGS OF DRILL HOLES






B o7 s ' GEOLOGIC LOG OF DRILL HOLE

reaTure . Undisturbed Density Program . .. . ... emosecy. North Loup Division . . ... save. . Nebraska
DR-69  LocaTion. Lt Abut - Dayvis !t."?.eg ...... " '
woLe no. . DOR769 coomos. .. 638,099 .. ... e 2,206,627 CROUND ELEV. ..5ee belan . ... pip cavaLe FRoMNORIZy ... 900, L.
secun. 5717/88. . puusneo. . 5719788 epru oF oversuro . . VOKNOWN .. BEFTH .S€8 DELOW BEARING . TTT ... ....... e
SRR Y Ya k0N, . Not Encountered........ LoGGED BY. .RTINGE, Kehler, Cast Lo Revieweo sy.. Last,. Tuttle.........
> i »
Wit s HOLLOW STEM AUGER rYee gg 5" PUSH TUBE
sizel 88 AND
or | “S |grevation: 2006.8 uzel 93 2006.8
worel & Elevation: . rel & .
™ lDate Begin: 5/17/84 Finished: 5/21/84 > 5/22/84 Finished: 5/22/84
] . 0
1 : CME 55 [orill Riq: Failing 15008
Loy Drill Rig: CME ) q 9
Yoo Priller: M. Kocian ] H Driller: M. Kocian
U= LB F
w4 % Drill Method: 0-36.9', 10%" auger with 6%" ,o_-J Drill Method: 0-23.5', 5" push tube; 0% clear-
A a5l hoTTow stem and 5" inner tube; 5" PVC liners b ance
U Qllused for continuous densities. T
G :__}nn P {Ti00lCompletion: Geophysically logged (Gamma-Gamma
£ 1100 completion; Geophysically Jogged (Gamma-Gamma U TT oland Caliper) by personnel from E&R Center. Hole
R 30 and Caliper) by personnel from E&R Center. : 1] destroyed by test pit.
Hole destroyed by test pit. 0.

*Tho oved By test ® 20 T108{off-Set Hole: 5/21/84 off-set 8' NW from auger
1100 1| 95|/hoTe and sampled with 5" push tube and Porta-
31100 ] drill 521, Matching densities were taken to
4100 7 compare results between the two drill rigs.

30;"J 30
] |100 ]

- 91 e
TEST PIT /
N
Excavated: 6-19/84 Ground Elevation: 2007.2
Method: Contract; Insley H-600 Backhoe to 25.1'
Sampling: In-place densities at 1.5' intervals by ‘ « | Tocation of
sans cone, nuclear and block sample methods. - Aeg

See sheet 2 of 2 for data.

Completion: Backfilled

CLASSIFICATION AND PHYSICAL CONDITION
TOPSOIL

0-3.7 LEAN CLAY, approx. 95% fines with low to medium plasticity, low toughness, medium to high dry strength, and

(% ) ne sand, maximum size fine sand; moist; dark brown-black; numerous fine roots; no reaction with HC1.
CL ’

VALLEY FILL

3.7-14.3 SILT, approx. 95% fines with no to low plasticity, no toughness, low dry strength and 5% fine sand; maxi-
mum size fine sand; moist; tan with small amount of black mottling; a few 2-3" diameter, topsoil filled,
anima) burrows; a few root holes in lower 2'; numerous lime veinlets; strong reaction with HC1. (ML)
NOTE! (Contact with underlying loess slopes to south and occurs at a depth of 23 feet on the south wall.

PEORIAN LOESS

14.3-25.1 SILT, approx. 100% fines with no to Yow plasticity, no toughness, low dry strength, and trace of fine
sand; moist; light yellow-gray with rust streaking; several rust nodules to %", can crush with fingers;
numerous root holes, lime streaks and lime veinlets throughout; rust commonly associated with root holes;
lime streaks and veinlets primarily vertical; strong reaction with HC1. (ML)

reavurg Undisturbed Density Program sanmmee N L. Division ... e

P A I P

Figure A-1. — Geologic log ot drill hole. Sheet 1 of 4.
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Barcun of Rectamation , ' : IC LOG OF DRILL HOLE
reatung . Undisturbed Density Progrem . prosecy. forth Loup Rivision state. . Nebraska
HoLE wo. . DDR-68 'c'::::':"‘ Rt Al;.k'l}sa b “"”!555554,732 GROUND ELEYV. ..5€¢ DRIGN .. .. Dip cavaLk rrONHORIZy. . 990 L L.

637,150 ., ..
secun . 5/7/84 FINISHED. %/22/84' ... DEPTH OF Oversumoen . . .WNKnown . .. E2F4h see belaw seamimg . -ro-

°E:3’:':.‘239'55¥k%'1:s‘3&'o. .. Not Encountered. .. ... .. Loceep ay. .Prince, .Kehler, Cast voc mevieweo sv. . Cast,. Juttle.........
»
Tyre| wi HOLLOW STEM AUGER viee gl 5% pUSH TUBE
size] 88 g
6| 98 |erevatson: 2095.8 z€| 8 [grevation: 2095.8
oLl & |=————— U A —
“". Date Begin: 6/7/84 Finished: 6/7/84 (% JDate Begin: §/7/84 Finished: 6/8/84
b p *
Ihodorin Rig: CME 55 5" ] Dril) Rig: Failing 15008
10%'] H
TToollriller: M. Kocian ’ 1 B¥Driller: M. Kocian
- 10-] Drill Method: 0-23.4°, 10%" auger with 6%" w.:: Drill Methed: 0-23.4', 5" push tube; 0% clear-
T hoglhollow stem u;d 5" inner tube; 5" PVC liners 60 ance
used for continuous densities. 1
A Fpo0 P Completion: Geophysically logged (Gamma-Gamma
U 9 Cgvargleﬁon: Geophysically logged (Gamma-Gamma | U J4-L ang Taliper) by personnel from E&R Center.
] TR and Caliper) by personnel from E&R Center. S :—-muole destroyed by test pit.
7% & Hole destroyed by test pit. I;o_-:
R 4 1L
2] %]
Z 5 * - not recorded

' TEST PIT 2 \
Excavated: 6/19/84 Ground Elevation: 2089.3

‘Method: Contract; Insley H-600 Backhoe to 22.5'

< o 9round sisvation
] 0993

Sampling In-place densities at 1.5' intervals by sand

cone, nuclear and block sample methods. See sheet 2 of 2 T ;ﬁf’r::"m;’
for data. or

Compietion: Backfilled

CLASSIFICATION AND PHYSICAL CONDITION
TOPSOIL

0-0.4 LEAN CLAY, approx. 100% fines with low plasticity, low toughness, medium dry strength and trace of fine sand;
maximum size fine sand; moist; black; numerous fine roots; no reaction with HC1. ~(CL)

PEORIAN LOESS

0.4-22.5 SILY, approx. 100% fines with no to low plasticity, no toughness, low dry strength, and trace of fine sand
maximum size fine sand; moist; light yellow gray with rust streaking; decayed/iron replaced, soft, vegetation
remains in discontinuous layers 1/8-3/4" thick; numerous fine root holes throughout; scattered worm tubes;
open 4-6" areas (animal burrows?) at 7.5' and 21.5'; occasional small snail shell; scattered lime nodules to
%" 1nd:st1'(|ct)bedding indicated by vegetation layers; fine roots in upper 15'; moderate to strong reaction
with HC1. (ML

reatuge .. Undisturbed Density Program eroseer oL DIVISTON e . NE. ... sueev..l or..2 . woLewo 0OR-68 .

Figure A-1. — Geologic log of drill hole. Sheet 2 of 4.
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741337 (8-74)

Buresu of Reclamation GEOLOGIC LOG OF DRILL HOLE
reature , Undisturbed Density Program = prosect. fNorth Loup Division . sTaTe. . Nebraska
T TNt - iy Spgeer. Te i R SRR ATATR SRR R
woLE wo, . 1919, . Lg::;;?"ffa“ 1 " T 1.r.d:a.n. 3r """ GROUND ELEV. ..568 below .. .. ow caveLe FROMHORIZy. .. 99%. ...
eecun. 676/88.  puuswep. 6122786 | bepri oF OVERBURDEN ... UNKNOWN . . BERFTH.SEE DELOW BEARING .57 i. et
TR RS Ve e dUfS. . . Not Encountered. .. ... .. LoGGED BY. .Prince, Kehler, Cast Loc revieweo ey, . Last, Juttle.........
> ..
TI;& =§ HOLLOW STEM AUGER ryee NE 5" PUSH TUBE
sze| 83 |Elevation: 2194.5 A%2] 82 lelevation: 2194.5
HOLE| = oF | "W
o |Date Begin: 6/6/84 Finished: 6/6/84 ['OUF ”‘; Date Begin: 6/7/84 Finished: 6/7/84
1 * forin Rig: CME 55 11 * |brill Rig: Failing 15008
10544107 japs
Driller . M. Kocian 5" % Driller: M. Kocian
Drill Method: 0-23.9', 10%" auger with 6%" 3 ”7,,1 Drill Method: 0-23.0', 5" push tube; 0% clear-
0+ hollow stem and 5" inner tube; 5" PVC liners oJ4-857ance.
A ] used for continuous densities. ] tﬁ*ﬁ-
] 1 P H Completion: Geophysically logged (Gamma-Gamma
G - 7] Completion: Geophysically logged (Gamma-Gamma U ] and Caliper) by personnel from E&R Center.
E ] and Caliper) by personnel from E&R Center. S J{1idG1Hole destroyed by test pit.
R 251 Hole destroyed by test pit. H ]
20 2340
U 11100
30-5 30
5 b * - not recorded
TEST PIT 3
No——
Excavated: 6/20/84 Ground Elevation: 2194.5

ground elevation
Method: Contract; Insley H-600 Backhoe to 19.3' 1945

Sampling: in-place densities at 1.5 intervals by

sand cone, nuclear and block sample methods. See "] e o

dritll holes
sheet 2 of 2 for data. SN ST
Completion: Backfilled 2,";.5'.‘35‘ o
siles

CLASSIFICATION AND PHYSICAL CONDITION
TOPSOIL

0-0.8 LEAN CLAY, approx. 95% fines with low plasticity, low toughness, medium dry strength and 5 fine sand; maxi-
mum size fine sand; moist; black; numerous roots tok" in diameter; no reaction with HCI. (cL)

REWORKED PEORIAN LOESS
0.8-14+ SILT, approx. 100% fines with no to low plasticity, no toughness, low dry strength, and trace of fine sand,|
maximum size fine sand; moist; light yellow-gray with small amount of black mottling; scattered paper thin
bedding of gray-brown silt; moderate to strong reaction to HC1. (ML)
PEORIAN LOESS
14-19.3 SILT, approx. 100% fines with no to low plasticity, no toughness, low dry strength, and trace of fine

sand maximum size fine sand; moist; light yellow-gray with numerous rust streaks; numerous root holes, a
few are silt filled; moderate to strong reaction with HC1. (ML)

Figure A-1. — Geologic log of drill hole. Sheet 3 of 4.
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*a1337 (8-74)
Jureau of Rectamation GEOLOGIC LOG OF DRILL HOLE
reaTure , Undisturbed Density Program erosecy. NOrth Loup Division state. . Nebraska
e oD - iy gueeT. SOTRR QR ERVRRRAN AT TEITESEL
HoLE no. . 1072, ... "°c"'?";.: ta 2 p :1 rdan Zﬂd © GROUND ELEV. . .88 DelOW ... ow (anGLE FrROMHORIZy. .. 99% ... ...,
secun . 6/4/84. . .. rinisneD.6/25/84 ..., DEPTH OF OVERBURDEN .. . UNKnown . SOFRK see below SEARING . o7 .. oo .,
OV NRo 65 v WeAfUREo. .. Not_Encountered ... .. toccep ey. .Prince, Kehler, .Cast Lo revieweo sy.. Cast.. Tuttle.........
=
Tyee] wi HOLLOW STEM AUGER o WE 5 PUSH TUBE
4% 83 - ol g3
of | Y8 |Elevation: 2190 St | o [elevation: 2190
MOLE] & |7 — P I
(%) IDate Begin: 6/4/84 Finished: 6/4/84 (% |Date Begin: 6/5/84 Finished: 6/5/84
105" * — 1T~ _—
;88 Orill Rig: CME 55 g g0Prill Rig: Failing 15008
] 41 7%
10{pritler: M. Kocian ] é Driller: M. Kocian
{)
10] A01Dri11 Method: 0-25.1', 10%" auger with 64%" ] 1% Drill Methad: 0-23.7', 5" push tube;, 0 clear-
QN fhoTTow stem and S inner tube; 5" PVC liners 1T 7{ance.
A FHiused for continuous densities. p &7
U] ) v HYcCompletion: Geophysically logged (Gamma-Gamma
6 00 1Completion: Geophysically logged (Gamma-Gamma | g <1 |_7.3Jand Caliper) by personnel from E&R Center.
E ] and CaTiper) by personnel from E&R Center. H 1] 87Hole destroyed by test pit.
o hmmiHole destroved by test pit. HM
.,o_.__w y Y p =
Tiod ] 3
100
] * . not recorded ]
TEST PIT 4 "
Excavated: 6/20/84 Ground Elevation: 2191.3

Method: Contract; Insley H-600 Backhoe to 20.9'

Sampling: In-place densities at 1.5' intervals by sand
Cone, nuclear and block sample methods. See sheet 2 of 2
for data.

in-place

- — =5

Completion: Backfilled

4 location of
{ X drill holes

ground elevation
21913

CLASSIFICATION AND PHYSICAL CONDITION
TOPSOIL

0-2.9 LEAN CLAY, approx. 95% fines with low to medium plasticity, low toughness, medium dry strength and 5 fine
sand, maximum size fine sand; moist; black; numerous roots; no reaction with HC1. (CL)

PEORIAN LOESS
2.9-20.9 SILT, approx. 100% fines with no to low plasticity, no toughness, low dry strength, and trace of fine
sand; maximum size fine sand; moist; light yellow-gray with rust streaks; lime mottling common in upper 5

feet; scattered root holes and discontinuous layers of decayed vegetation 0.01' thick; a few soft, iron
nodules to %"; upper 7' of material soft and crumbly; moderate to strong reaction with HCl. (ML)

-eature . . Undisturbed Density Program = prosect N-L. Division

Figure A-1. —~ Geologic log of drill hole. Sheet 4 of 4.
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APPENDIX B
BOREHOLE DENSITY LOGGING






Borehole compensated densities are produced
through the use of two collimated detectors at dif-
ferent spacings from a gamma ray source. The
source and detectors are pressed against the side of
the hole to reduce the gap and improve accuracy.
The detector nearest the source is more severely
influenced by borehole rugosity and mud-cake than
the far detector. The difference in response of the
two detectors is used to compensate for errors in
density estimates caused by mud-cake and rugosity.
Compensation is based on a “‘spine and ribs’’ plot,
in which the count rate of the near detector is plotted
against the count rate of the far detector for a series
of densities, gaps, and mud-cake thicknesses. The
line drawn through points representing zero gap and
zero mud-cake is called the spine, and the curves
drawn through points representing different gaps and
anifiad r=y H

mitd_nala thinknascne far on Aancitine ara
TMIIUTVART LHIIVATIGOOTS TUT ONGUITITITU UGTHIoIIGO alT

called the ribs. Corrected densities are calculated for
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each detector correcting for hole diameter and
borehole fluid. The two densities are then used to
determine a compensated density by an algorithm
developed from the ‘‘spine and ribs’’ plot.

The borehole compensated density probe uses a
125-cm, Cesium 137 radioactive source. The near
detector is a small geiger tube (diameter 0.7 cm and
active length 10 cm) with inorganic quenching gas
and a platinum-coated cathode. The far detector is
a sodium iodide crystal (diameter 1.27 cm and length
3.81 cm) coupled to a photomultiplier tube. Center-
to-center spacing between the source and the near
and far detectors is 17 and 37 cm, respectively. The
pulses from the two detectors are sent up the logging
cable, time averaged by two rate meters, and re-
corded on two channels of a strip chart recorder in
tha lannina triink CAamnaneatinn iec annamnlichad hay
uic “"33" '3 (AR S 192, UUllI'JGI 19GuivIl 1o GUUUIIIPIIDI 1ou Uy

an off-line computer after the logs are digitized.






Mission of the Bureau of Reclamation

The Bureau of Reclamation of the U.S. Department of the Interior is
responsible for the development and conservation of the Nation's
water resources in the Western United States.

The Bureau’s original purpose “to provide for the reclamation of arid
and semiarid lands in the West” today covers a wide range of interre-
lated functions. These include providing municipal and industrial water
supplies; hydroelectric power generation, irrigation water for agricul-
ture,; water quality improvement, flood control, river navigation, river
regulation and control; fish and wildlife enhancement, outdoor recrea-
tion; and research on water-related design, construction, materials,
atmospheric management, and wind and solar power.

Bureau programs most frequently are the result of close cooperation
with the U.S. Congress, other Federal agencies, States, local govern-
ments, academic institutions, water-user organizations, and other
concerned groups,

A free pamphlet is available from the Bureau entitled ‘‘Publications
for Sale.” It describes some of the technical publications currently
available, their cost, and how to order them. The pamphlet can be
obtained upon request from the Bureau of Reclamation, Attn D-822A,
P O Box 25007, Denver Federal Center, Denver CO 80225-0007.




